Introduction
Conventional cochlear implants electrically stimulate the auditory nerve to bypass non-functional hair cells. The present study investigates optical stimulation as alternative to replace cochlear function. Although pulsed laser light is known to excite the organ of Corti, the interaction sites of pulsed lasers with the cellular elements of the inner ear have not been clarified yet. So far, two possible mechanisms of stimulation were suggested: optoacoustic stimulation of surviving hair cells and direct stimulation of auditory nerve fibres. In order to find the most effective stimulation with the least side effects the relation between cochlear compound action potential (CAP) and wavelength and pulse energy of optical stimulation were investigated.
Methods
We performed an in-vivo study on hearing guinea pigs. A tunable laser system with a wavelength range from 420 nm to 2150 nm (ultraviolet to near-infrared) was used for cochlear stimulation. Nanosecond pulses were applied via glass fibre aimed at the border of the basilar membrane and the osseous spiral lamina close to the intact and perforated round window membrane (RWM), respectively. CAPs were recorded as measure of an inner ear response.
Results
CAPs depend on the wavelength of the laser. Wavelength regions were identified that correlate with the water or haemoglobin absorption coefficients, hence indicating different interaction sites in tissue. The present data also demonstrate that the response latency is related with its amplitude in a linear manner, strongly indicating the absence of two fundamentally different stimulation mechanisms. The absence of responses in deaf animals (after Neomycin treatment) is further evidence for an acoustic mechanism involving intact hair cells and demonstrates that direct neuronal stimulation is unlikely under these conditions.
Conclusion
The effectiveness of cochlea stimulation is related to water and haemoglobin absorption. The interaction of the pulsed lasers with organ of Corti involves hair cell excitation in all investigated stimulation conditions. Biomed Tech 2012; 57 (Suppl. 1) © 2012 by Walter de Gruyter · Berlin · Boston. DOI 10.1515 DOI 10. /bmt-2012 
